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Abstract. Two flexible imine oxime molecules, namely, 3-(pyridin-2-ylmethylimino)-butan-2-one oxime
(HL1) and 3-(pyridin-2-ylmethylimino)-pentan-2-one oxime (HL2) have been synthesized and characterized
by elemental analysis, IR and NMR techniques. The conformational behavior was investigated using the den-
sity functional theory (DFT) with the B3LYP method combined with the 6-311++G(d,p) basis set. As a result
of the conformational studies, three stable molecules and the most stable conformer were determined for the
both imine oximes. The spectroscopic properties such as vibrational and NMR were calculated for the most
stable conformer of the HL1 and HL2. The calculation results were applied to simulate infrared spectra of the
title compounds, which show good agreement with observed spectra. In addition, the stable three molecules of
the both imine oximes have been used to carry out DNA binding and protein docking studies with DNA and
protein structures (downloaded from Protein Data Bank) using Discovery Studio 3.5 to find the most preferred
binding mode of the ligands inside the DNA and protein cavity.
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1. Introduction

Imine oximes are the derivatives of oximes which act
as excellent bidentate and chelating ligands from nitro-
gen donor atoms of imine and oxime groups.1 9 These
molecules and their coordination compounds continue
to attract considerable attention in DNA bounding
studies.10 13 In the most basic sense, biological active
molecules are complementary in shape and charge to
the biomolecular targets with which they interact and
therefore will bind to them. Imine oximes are sig-
nificant biologically active molecules that contain the
groups enabling strong interaction with biomolecules,
such as DNA and protein.

In recent years, some theoretical approaches such
as density functional theory (DFT) and DNA/protein
docking methods have been widely used in theoreti-
cal modeling of oximes.14 20 The rapid development of
theoretical methods has made it possible to calculate
many molecular properties with accuracies comparable
to those of traditional correlated theoretical methods, at
more favorable computational costs.21 Although theo-
retical studies of oximes have been intensively worked
out, quantum chemical studies of imine oximes have
received less interest. In addition, the interactions of
imine oximes with DNA and proteins were not found in
the literature.

In this study, two flexible imine oximes, namely,
3-(pyridin-2-ylmethylimino)-butan-2-one oxime (HL1)
and 3-(pyridin-2-ylmethylimino)-pentan-2-one oxime
(HL2) heve been synthesized and characterized by ele-
mental analysis, IR and NMR techniques. The cisoid
and transoid conformations of E- and Z-isomers of
HL1 and HL2 have been identified using B3LYP/6-
311++G(d,p) level. The vibrational and NMR spec-
tra were computed at this level and compared with
the experimental results. The interactions of HL1 and
HL2 with DNA and protein were investigated systemat-
ically. The molecular docking has been employed to get
information about the interaction of HL1 and HL2 for
different conformers with B-DNA and Human Serum
Albumin (HSA). These calculations are valuable for
providing insight into molecular properties of imine
oxime compounds.

2. Experimental and computational methods

2.1 Materials and Methods

The elemental analyses (C, H and N) were performed
using a EuroEA 3000 CHNS elemental analyser. IR
spectra of molecules were recorded as KBr pellets
on a Thermo Nicolet 6700 FT-IR spectrophotometer
in the frequency range of 4000–400 cm−1. 1H NMR
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(400 MHz) and 13C NMR (100 MHz) spectra were
recorded on a Varian Mercury plus spectrometer in
DMSO-d6 and TMS was used as an internal standard.

2.2 Synthesis

The two imine oximes were prepared by refluxing a
mixture of a solution containing respective carbonyl
oximes (0.51 g, butandionmonooxime; 0.58 g, pentan-
dionmonooxime; 5 mmol) in 10 mL of EtOH and a
solution containing 2-aminomethylprydine (0.52 mL,
5 mmol) in 5 mL of EtOH. The reaction mixture was
stirred for 3 h under reflux.

2.2a HL1: [Yield: 0.87 g, 91%] Analysis: Calcu-
lated (%) for C10H13N3O: C, 62.81; H, 6.85; N, 21.97.
Found(%): C, 62.90; H, 6.63; N, 21.94. 1H NMR
(DMSO-d6): δ(in ppm) 10.96 (s, 1H), 8.49–7.20 (m,
4H), 4.79 (s, 2H), 1.81 (s, 3H), 1.14 (s, 3H). 13C NMR
(DMSO-d6): δ(in ppm) 169.2, 159.2, 154.9, 148.6,
136.7, 123.1, 122.9, 57.9, 16.5, 11.8, MS (EI, m/z)

191.9 [M+; calcd. for C10H15N3O: 191.11].

2.2b HL2: [Yield: 0.90 g, 88%] Analysis: Calculated
(%) for C11H15N3O: C, 64.37; H, 7.37; N, 20.47. Found
(%): C, 64.30; H, 7.19; N, 20.41. 1H NMR (DMSO-
d6): δ(in ppm) 10.77 (s, 1H), 8.56–7.11 (m, 4H), 4.88
(s, 2H), 2.68 (m, 2H), 2.18 (t , 3H), 1.02 (s, 3H).
13C NMR (DMSO-d6): δ(in ppm) 170.6, 160.4, 157.0,
148.5, 137.1, 122.1, 121.9, 56.1, 20.8, 11.3, 9.4, MS
(EI, m/z) 205.9 [M+; calcd. for C10H15N3O: 205.12].

2.3 Computational methods

All calculations were conducted using DFT with the
Becke–Lee–Yang–Parr functional (B3LYP) method22

as implemented in the GAUSSIAN 03 program
package.23 In the first step of the calculation, to elu-
cidate conformational features of the HL1 and HL2,
the selected degree of torsional freedom, T(N1-C1-C2-
N2), was varied from −180◦ to +180◦ in interval of
10◦ and the potential energy curve (PES) was obtained
with the B3LYP/6-311++G(d,p) level of theory in the
gas phase. In the potential energy curve, the station-
ary points were confirmed by the frequency analysis as
minima with all real frequency and with no imaginary
frequency, implying absence of transition state. For the
three lowest energy conformers, the geometric structure
was reoptimized at the DFT level of theory by using 6-
311++G(d,p) level. For all of the calculations in this
study, optimized structural parameters were used.

The harmonic vibrational frequencies were calcu-
lated at the same level of theory in the gas phase

for the optimized structures, and the obtained frequen-
cies were scaled by 0.95824 for 4000–1700 cm−1 and
0.97825 for 1700–400 cm−1 ranges, respectively. Fur-
thermore, theoretical vibrational spectra of the HL1 and
HL2 were interpreted by means of PEDs using VEDA 4
program.26

1H and 13C NMR chemical shifts (δH and δC) of HL1

and HL2 were calculated using the GIAO method27 in
CDCl3 at the B3LYP/6-311++G(d,p) level and using
the TMS shielding calculated as a reference.

2.4 Molecular docking details

Molecular docking studies were performed using
Autodock/Vina program.28 The PDB formats of HL1

and HL2 were obtained by converting their ‘out’ files
using Autodock software. The crystal structures of B-
DNA (PDB ID: 1BNA) and HSA (PDB ID: 1H9Z) were
retrieved from the Protein Data Bank. Visualization
of the docked systems was performed using Discovery
Studio 3.5 software. The binding sites were centered on
the DNA and HSA, and a grid box was created with
60 × 60 × 60 points and a 0.375 Å grid spacing in
which almost the entire macromolecule was involved.
All other parameters were kept at their default values.

3. Results and Discussion

The HL1 and HL2 were synthesized by the reaction
of carbonyl oxime (butandionmonooxime for HL1 and
pentandionmonooxime for HL2) with 2-aminomethyl-
prydine in the EtOH solution. The HL1 and HL2 were
obtained in high yields (91 and 88%, respectively).
The structures of HL1 and HL2 were fully charac-
terized by spectral and elemental analysis data. The
elemental analysis details (as seen in Table S1 in Sup-
plementary Information) showed that the imine oximes,
namely HL1 and HL2 are formed as seen in Scheme 1.
In addition, the carbonyl stretching vibration of the car-
bonyl oximes which are butandionmonooxime and pen-
tandionmonooxime was observed at ca. 1670 cm−1 in
the IR spectra. This stretching vibration disappeared in
the spectra of the imine oximes, and in its place, the
streching vibration of imine was observed at ca. 1628
cm−1 as the strongest band. In the 13C NMR spectrum,
the carbon resonance of the C=O group in the carbonyl
oximes is observed at ca. 200 ppm. This signal also dis-
appeared in the spectra of imine oximes, and instead of
this signal, the carbon resonance of C=N group occurs
at ca. 170 ppm. In addition, the mass spectra of HL1

and HL2 exhibit molecular ions at m/z191.9 (191.11)
and 205.9 (205.12) [M]+. These results indicate the
formations of both imine oximes.
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Scheme 1. Synthesis of HL1 and HL2.

3.0a Conformational analysis: The structures of
HL1 and HL2 are very flexible and represented by
several conformations. To establish the most stable con-
formations, the molecules were subjected to a confor-
mation analysis around the free rotation bonds. The
structures of HL1 and HL2 represent several conforma-
tions as illustrated in Figure 1.

Conformations of these molecules are feasible
depending on the orientation around C1-C2 bond. Con-
formational analyses were carried out for HL1 and HL2

by potential energy surface scan to find all possible
conformers with B3LYP method using 6-311++G(d,p)
basis set. The stable three molecules for both imine
oximes were determined; they are two s-cis and one
s-trans isomers as seen in Figure 1. All the possible
geometries of the conformers were optimized to find
out the most stable configuration of both compounds.
Thus, the s-trans isomer is determined to be the most
stable isomer for both imine oximes, for which dihe-
dral angles, N1-C1-C2-N2 were at ca. −178◦. The most
stable conformers of HL1 and HL2 were then subjected
to geometrical optimization by B3LYP method using
6-311++G(d,p) basis set to obtain geometrical param-
eters, vibrational frequencies and NMR spectra. The
numbering of atoms of the most stable conformers for
both imine oximes is shown in Figure 2.

3.1 Vibrational spectroscopy

Vibrational assignments were carried out by DFT
calculations using the B3LYP method with a 6-
311++G(d,p) basis set using the structural geometry
obtained by the same method, along with the experi-
mental values and assignments, and these are presented
in Table S2 (in Supplementary Information). The exper-
imental and theoretical spectra of the HL1 and HL2 are

Figure 1. Potential energy surfaces of (a) HL1 and (b) HL2

calculated at the level of B3LYP/6-311++G(d,p).

shown in Figures S2 and S3 (Supplementray Informa-
tion). HL1 and HL2 consist of 27 and 30 atoms, respec-
tively, and belong to C1 point group, and hence the
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Figure 2. Optimized structures and the numbering of atoms for the most stable conformers.

75 and 84 fundamental modes of vibrations are dis-
tributed as �vib = 52 A′+ 23 A′′ for HL1 and �vib =
58 A′ + 26A′′ for HL2. In order to fit the theoretical
and experimental wavenumbers, the theoretical values
were scaled using suitable scaling factors and the scal-
ing factors are 0.95824 for 4000–1700 cm−1 and 0.97825

for 1700–400 cm−1 ranges. In general, the absorption
frequencies obtained from experiment and theory are in
good agreement.

3.1a The OH vibrations: The OH vibrations were
generally observed between 3600–3200 cm−1.29 34

Manimekalai and Balachander35 observed the OH
stretching vibrations in 2-(ethoxycarbonylmethoxy)-5-
(arylazo)benzaldehydes and their oximes between 3251
and 3431 cm−1. In HL1 and HL2, the OH stretching
vibrations were observed as broad bands at 3243 and
3238 cm−1, while calculated values are 3667 and 3668
cm−1, respectively. Due to the nature of this vibra-
tion mode, its frequency is very sensitive in the crys-
talline state, in which the hydrogen bonding interactions
involving this group are present as discussed above.
On the other hand, single molecule was used in the
DFT calculations, and thus much larger deviations from
the experimental values are observed. This difference
between experimental and calculated results is con-
sistent with those reported for similar molecules.36,37

Similarly, the in-plane and out-of-plane OH bending
vibrations are expected at 1350–1100 cm−1 and 900–
600 cm−1,38 respectively. The in-plane vibrations were
found at 1348 and 1072 cm−1 for HL1, and 1352 cm−1

for HL2, which are in the expected range. In the same
way, the out-of-plane vibrations were observed at 617
and 621 cm−1 for both imine oximes, while calculated
value is 626 cm−1.

3.1b The CH vibrations: The CH stretching vibra-
tions of the pyridine ring were normally observed in
the region 3100–3000 cm−1.39 42 In HL1 and HL2, nine
and twelve CH stretching bands were calculated in the
spectra of the both molecules, respectively, and three of
which belong to the pyridine rings. They appeared as
weak bands in the frequency range 3057–3013 cm−1 for
both molecules.39,40 The aliphatic CH stretching vibra-
tions calculated at 2962, 2948, 2916, 2904, 2882 and
2857 cm−1 were observed at 2956, 2929 and 2907 cm−1

for the HL1. Similarly, the nine aliphatic CH stretch-
ing vibrations calculated between 2985 and 2865 cm−1

were observed at 2968, 2949, 2902 and 2886 cm−1

for HL2. These results indicate that the observed and
calculated values of the CH stretching are consistent
with the literature in which the aliphatic C-H stretch-
ing generally occurs below 3000 cm−1.41,42 In-plane
and out-of-plane bending vibrations for aromatic and
aliphatic CH are expected to occur as strong to weak
intensity bands in the region 1300–1200 and 1000–
800 cm−1,43 47 respectively. The in-plane bending bands
were calculated at ca. 1470–1040 cm−1 for both imine
oximes, while the corresponding out-of-plane vibra-
tions were calculated at ca. 963-511 cm−1 for HL1 and
957–532 cm−1 for HL2. The in-plane and out-of-plane
CH vibrations of the both imine oximes are well within
the general expected range.36,37 All these variations are
logically due to CC, NO, and CN modes in the oxime
and prydine groups whose in-plane and out-of-plane
bending vibrations are within these ranges.

3.1c The CC vibrations: The CC stretching vibra-
tions for pyridine ring are generally observed between
1600–1400 cm−1.39 42 In this study, we observed two
CC bands in both imine oximes, and these bands were
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calculated at 1594 and 1577 cm−1 in the HL1, 1591
and 1575 cm−1 in the HL2, while the CC stretch-
ings were observed at 1582 and 1579 cm−1, respec-
tively, for both imine oximes. All the CC bands are
well within the expected range.39 42 The in-plane and
out-of-plane bending vibrations of the CC bond are
calculated between 996 and 411 cm−1 for both imine
oximes. These results also are in agreement with the
cited literature.36,37

3.1d The CN vibrations: The mixing of several
bands causes the identification of CN vibrations very
difficult in many molecules. Frequency ∼1600 cm−1

indicates CN double bond while frequency ∼1300 cm−1

indicates the presence of CN single bond.36,37 The
CN bands, which are imine and oxime groups, were
observed at 1628 and 1600 cm−1 in HL1 and 1626 and
1599 cm−1 in HL2 as sharp bands and the calculated val-
ues of this mode were somewhat shifted to the higher
frequency, appearing at 1647 and 1637 cm−1 in HL1

and 1652 and 1540 cm−1 in HL2, respectively. Similarly
the out-of-plane bending vibrations were calculated at
ca. 462 cm−1, while these values for this mode were
observed at 453 and 472 cm−1, respectively, for HL1

and HL2.

3.1e The NO vibrations: The characteristic group
frequencies of the NO are usually independent of the
rest of the modes in the molecule. The NO stretching
was observed at 1013 cm−1 in HL1 and 1008 cm−1 in
HL2. This vibration mode was calculated at ca. 1002
cm−1 for both imine oximes. The out-of-plane bending
vibration of this mode for HL1 and HL2 was calculated
at 347 and 351 cm−1, respectively. All these bands are
found in the expected range which shows that NO bands
remain independent in the present molecules also, as
suggested in the literature.36,37

3.2 NMR spectroscopy

The chemical shifts obtained in experimental and cal-
culated 1H and 13C NMR spectra of HL1 and HL2 in
CDCl3 with TMS as a reference are given in Table S3
(in Supplementary Information), while the experimen-
tal and theoretical spectra are shown in Figures S4 and
S5 (Supplementary Information). The numbering of the
atoms is the same as in Figure 2. As can be seen from
Table S3 (in Supplementary Information), the NMR
shifts calculated by the DFT method at the B3LYP/6-
311++G(d,p) level are in reasonable agreement with
the experimental values. The deuterium exchangeable
proton of the hydroxyimino group (–C=N–OH) shows
a characteristic chemical shift at 10.96 and 10.77 ppm

as singlet for HL1 and HL2, respectively. This chemi-
cal shift was calculated as 8.36 and 8.39 ppm, respec-
tively for both imine oximes.36 The 8 protons of the
methyl/mehylene groups for HL1 and the 10 protons
for HL2 were observed between 4.88 and 1.02 ppm as
singlet, doublet or multiplet, and these chemical shifts
were calculated as 4.99 and 0.91 ppm. In addition, the
multiple peaks between 8.56 and 7.11 ppm represent
the aromatic protons of pyridine group and they were
calculated as 8.93 and 7.47 ppm for both imine oximes.

13C NMR spectra for HL1 and HL2 show 10 and
11 different carbon atoms. The signal at 169.2 ppm
belongs to the C2 carbon atom and was calculated
at 173.9 ppm in HL1, while this chemical shift was
observed 170.6 ppm (calcd. 177.8) in HL2. The car-
bon resonance of the C=N–OH group for HL1 and HL2

was measured at 159.2 and 160.4 ppm, respectively,
as expected for imine oximes.36,37 This chemical shift
was calculated as 167.3 and 167.5 ppm, respectively,
for both imine oximes. The signals between 157.0 and
122.1 ppm are assigned to both pyridine carbon atoms
and compare well with the calculated values. The C3,
C9 and C10 resonances were observed at 57.9, 11.8
and 16.5 ppm, respectively, for HL1, while these car-
bon atoms were calculated at 60.7, 7.3 and 12.2 ppm,
respectively. In the spectrum of HL2, the aliphatic car-
bons which are C3, C9, C10 and C11 were measured
56.1, 20.8, 11.3 and 9.4 ppm, respectively, while these
carbon atoms were calculated as 59.3 and 7.7 ppm.

3.3 DNA binding studies

Molecular docking can particularly indicate the charac-
teristics of the interaction between DNA at the molec-
ular level. It was carried out to discuss the binding
modes using AutoDock/Vina program for the inter-
actions of HL1 and HL2 molecules with DNA frag-
ments. The docking properties were investigated for the
three lowest-energy conformations of the both imine
oximes, and the docked structures are shown in Figure
S6 (Supplementary Information).

As seen Figure S6, the docking structures for the
three conformers of the both imine oximes are similar.
Although the most stable molecular structure is s-trans,
the s-cis structure is adopted by highest binding energy
in the docking process. The binding free energies of
the docked structures were computed to be −26.78,
−27.61, −26.36 kJ mol−1 for 1, 2 and 3 of HL1, respec-
tively, and −26.36, −27.19 and −26.78 kJ mol−1 for 1,
2 and 3 of HL2, respectively. These results indicate
greater binding affinity of 2 relative to other structures
for both imine oximes. Therefore, energetically the
most favorable docked structure obtained from the rigid
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molecular docking of 1BNA (B-DNA) is shown in
Figure 3. It revealed the bindings of HL1 and HL2 with
the minor groove of targeted DNA towards G-C rich
region.

HL1 is mainly stabilized by hydrogen bondings
through the OH group of the HL1 ligand with O2 of
cytosine and N2H21 of guanine with N3 of the HL1,
while the interaction of HL2 with DNA is also via two
hydrogen bonds, which are between HL2 and guanine.
First, the oxime hydroxyl O in HL2 was at 2.08 Å from
N2 hydrogen atom of DG-22, and the other is between
O1H and O4′ of DG4. The distances of the all hydrogen
bonds are listed in Table 1.

3.4 Docking with HSA

As is known, the binding of ligands to protein is exceed-
ingly important, because it can greatly influence the dis-
tribution and elimination of the ligand, as well as the
duration and intensity of its pharmacological and tox-
icological functions.48,49 In view of this, it is impor-
tant to know the specific binding mode and binding
region of HL1 and HL2 at HSA. In order to reveal the
most likely binding mode and binding region of the
three most stable conformers of HL1 and HL2 on HSA,
the Autodock 4.0/Vina program was used. The crys-
tal structure of HSA in complex was obtained from the

Figure 3. Molecular docking of the most favorable docked structures for HL1

and HL2. The molecules interact with DNA adjacent to the G/C rich sequence
of the minor groove.
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Table 1. Hydrogen bonding interactions and the binding free energy of the most stable docking conformations for HL1 and
HL2 docked onto DNA and HSA.

Distance Affinity energy Responsible protein
Molecule Donor (D-H) Acceptor (H· · · A) (H· · · A, Å) (kJ/mol) interaction

DNA
HL1 O1H (HL1) O2 (DC-3) 2.13 −27.61

(DNA-chain A)
N2H21 (DG-4) N3 (HL1) 2.25
(DNA-chain A)

HL2 N2H22 (DG-22) O1H (HL2) 2.18 −27.20
(DNA-chain B)
O1H (HL2) O4′ (DG-4) 2.36

(DNA-chain A)

Protein
HL1 NEHE (Arg257) O1 (HL1) 2.64 −31.80 Trp214, His242,

Arg257, Ser87
N2H21 (Arg257) O1 (HL1) 2.87

HL2 ND1HD1 (His242) N2 (HL2) 2.85 −31.38 Trp214, His242

Figure 4. Molecular docking of the most favorable docked
structures for HL1 and HL2 in subdomain IIA of HSA.

PDB database and Autodock 4.0 molecular modeling
software was used to generate the initial structures of

all the molecules. HSA has three structurally homolo-
gous domains: I (residues 1–195), II (196–383), and III
(384–585), each of which are subdivided into subdo-
mains A and B. The principal drug binding sites of HSA
are mainly located in the subdomain IIA and IIIA.50 The
dominating configurations of the s-cis and s-trans con-
formers of HL1 and HL2-HSA complex with the lowest
binding free energy are shown in Figure S7 (Supple-
mentary Information). The binding free energies of the
molecular docking structures with HSA were computed
to be −30.54, −31.80, −30.96 kJ mol−1 for 1, 2 and 3
of HL1, respectively and −30.54, −31.38 and −30.54
kJ mol−1 for 1, 2 and 3 of HL2, respectively (Table 1).
These results indicate greater binding affinity of 2 rel-
ative to other molecule modes for both imine oximes,
which are shown in Figure 4. Molecular docking stud-
ies revealed that the most stable conformers of the HL1

and HL2 are surrounded by the residues (within 3.5 Å)
Trp214, His242, Arg257 and Ser287 (Figure 4). The
HL1 and HL2 enter a hydrophobic cavity in subdomain
IIA of HSA. Moreover, in addition to the HL1 and
HL2 hydrogen bonds with HSA involving the N and O
atoms of imine oximes, which are listed in Table 1, elec-
trostatic interactions are also present. Docking of the
both imine oximes with HSA demonstrated that all the
molecules interact with the single tryptophan residue
(Trp214) in subdomain IIA of HSA. These prelimi-
nary results suggest that HL1 and HL2 might exhibit
inhibitory activity against protein HSA.

4. Conclusions

In this study, two flexible imine oxime compounds,
namely, 3-(pyridin-2-ylmethylimino)-butan-2-one oxime
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(HL1) and 3-(pyridin-2-ylmethylimino)-pentan-2-one
oxime (HL2) have been synthesized and character-
ized by various techniques including elemental anal-
ysis, IR, NMR spectroscopy. Conformational analysis
was carried out for both imine oximes at B3LYP/6-
311++G(d,p) level, and then the stable three conform-
ers were determined. The most stable conformer was
calculated s-trans isomer, for which dihedral angles
N1-C1-C2-N2 were computed as ca. −178◦ for both
imine oximes. The spectroscopic data such as vibra-
tional and NMR chemical shifts were calculated for the
most stable conformer, and compared with experimen-
tal results. IR spectra analyses showed that the predicted
vibrational frequencies are in good agreement with the
experimental values. In the binding calculations, the
three most stable conformers were used. Both DNA
docking and HSA binding studies showed that the s-cis
isomer of both imine oximes docked with highest bind-
ing energy. The highest binding energy was observed
for ‘structure 2’ for HL1 and HL2, which were calcu-
lated at ca. 27.7 kJmol−1 for DNA docking, and at ca.
31.5 kJmol−1 for HSA binding. Binding of HL1 and
HL2 to DNA was through minor groove and to HSA via
hydrophobic interaction in subdomain IIA.

Supplementary Information (SI)

All additional information pertaining to characteriza-
tion of the molecules using elemental analysis (Table
S1), IR data (Table S2), NMR data (Table S3), mass
spectra (Figure S1), IR spectra (Figures S2 and S3)
and NMR spectra (Figures S4 and S5). In addition, the
dominating configurations of the s-cis and s-trans con-
formers of HL1 and HL2-DNA complex (Figure S6) and
HSA complex (Figure S7) with the lowest binding free
energy are given in Supporting Information, available at
www.ias.ac.in/chemsci.
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